SSME FMEAICIL
REDUNDANCY SCREEN
Gomponant Group: Gxidirar Furbopumpa Praparad: G, Ahexamis
CIL 1lam: B300.01 Appravad: T. Nguyen
Componant: Low Fressure Gxidizer Turbopump B Appraval Dala: 6748
Part Humnhar: RE0RTE0N Change #; 2
Fafure Mode: Seal leakage-trbing Inkt. DHractive B: CCRD MEA-01.6214
Foge: 10af 1
Criticalily
Fhaos ' Faiturs / Effacl Dagedptlon Hazard Relererce
g Laskage redureas the avaitable powar 1o The kydradic lurbine which resuks inlewer lubapump shafl speed and pamp culput piessua and 1R
41 flow, HPOTF di=charge prassume odacaya dod to tha jowar inle pressura and ead loss Irorm cavitatlon across e main pump. Tha MGG MECIEM
preastrs dacreaaas and ks sansad by tha canirollesr, which comects by Ineneasing the oxklizer syalem pover by opening the OPOY,
Coerardlvn raquired 10 maintain MCC prazsaure may cause a violalion af tha HPOTP urbine evhaist femperatire rediine and Inlliste
pramalure engine shutdown. Missien scrub IFdelected by rediine. Loss of vehlcle due to HPOTP lurbiee or heat sechanger fadure may
resull il not detacled.
Radundancy Seraens: TURBOPUMP SYSTEM - SENSOR SYSTEM: UNEIKE REDUNDAKGY
A Paye - Redundard hardware lems ame cepable of checkowt during mammal ground turnanoumd .
B: Paan - Losa of a redundant hardveare frema |5 detoctable during Mght.
C: Pasg - Loss of redundani ha rdwara ilems could not reault [rom s sngle credible ewant.
] Laakape reduces the avelleble powar 1o the Mydraubls wrbing which results inloveef lubapump shaft apead and pump oulpyel pregsure and 1R
m 4.1 lNow, HFOTF dissharge pregouwre decenes due bo the lowat inlal prezguve and head loss fram cavilation across the maln pump, The MOG WE-C15 bt
! premaure decreoaes and (3 apnsed by Tha corirollar, which comects by increasing the cxidizer ayatem prowar by apening e QPO
% Correclion required 1o malrtain MCC proaiore may cause 2 yviolalion of the HPOTP turblne exhauat lerparalura redine and inltlate
() premaiure engine ahuidown. Misston short I delecled by sedline. Lass of vizhicle due ta HPOTP Lurblee or haat axchangs [afurs may

result if nat detecied,
Radundency Scrasns: TURBOPUMP SYSTEM - SENSOR SYSTEM: UMNLME REDUNDAMC Y
A Pasa - Redundant kardwara {lame are capabla of checkout during narmal groynd [urpargund.

B: Fasa - Loaa of 8 redundant hemvwara [tema 3 detectatla during fight.
- Pass - Loas of radund ant hardwarz ilems could not result fram a singla cradizhs ewant
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DE=IGN
Componernt Group: Cxidlrer Turbapumps Praparad; o Ah s
EIL Hem: E800-04 Approvan: T Nguygen
COmpen et Low Pressuna Oxidizer Yurbopurmp Approval Date: /7m0
Part Mumbar: RE40TA0 Ghanga ¢ 7
Frilure Mioda: Baal feakag a-arking Inled. DivecHve A: CCHD MEI-A1-5214

Fapa: 1of 1

Dasgign  Mogument Referenca

FAILURE CAUSE:  A: Front housing seal isakage.
B: Raar housging eaal Isakagna.

THE FORWARD HOUSING SEAL {1} 15 A TEFLON COATED, WIDE TIP PRESSURE ASSISTED SEAL, SPECIFICALLY INTENDED TO BE COMPATIELE WITH ALUMINUM SURFACES THE
SEAL IS SECURED IM A RELIEF CAVITY iN THE HOUSING {2) AND PREVENTS LEAKAGE OF TURBINE WORKMNG FLUID BETWEEN THE HOUSING AND BEARING SUPPORT (3], ABSENCE
OF AN INTEGRATED SPACER RING ALLOWS COMPLETE BOTTOMING OF THE ROTOR/STATOR ASSEMBELY IN THE HOUSING. THE SEAL DESION IS INSENSITWE TO GRIENTATIGN
DURING ASSEMBLY. THE FORWARD SEAL IS MADE FROM INGONEL 718, WHICH WAS SELECTED FOR ITS REQUIRED STRENGTH, AND RESISTANCE TO CORROZION AND STRESS
CORROSION CRACKING (1), THE AFT HOUSING SEAL {4} IS LOCATED BETWEEN THE HOUSING AND NOZZLE CYLINDER {5), ARD IS RETAINED BY AN INGONEL 718 BACKING RING
(5. THE AFT SEAL HAS A "C" CONFIGURATION CROSS-SECTION WHICH EXPANDS UPON FRESSURIZATION. A POSITIONING PIH IM THE NCZZLE BEAL GROOVE PREVENTS REVERSE
SEAL INSTALLATION. THE AFT SEAL IS MANUFACTURED UTILIZING INCOMEL X-T50, WHIGH WiaS SELECTED FOR ITS STRENGTH AND FLEXIBILITY, AND RESISTANCE TD CORROSIAN
AND STRESS CORROSION CRACKING (7). THE AFT SEAL 15 SOLUTION HEAT TREATED, AGE-HARDENED, AND SILVER PLATED FOR LUBRICITY, FRIGTIONAL WEAR RESISTANCE. AND
ANTHGALLING GHARACTERISTICS (1) [4). THE HOUSING SEALING SURFACE FDR THE RE.4k SEAL IS HARD ANOMMZED FOR IMPROVED WEAR RESISTANCE AND INCORPORATES A
VEMTED DOVVHSTREAM CAVITY DESIGH (2) TO MIMMIZE PRESSLIRE LOADING OF THE NL77. EFSTATOR ASSEMBELY (8). CLEANUNESS REQUIREMENTS DURINGE HANDLUNS ARD
ASSEMBLY PRECLUDES CONTAMINATION INTRODUCTION TG THE SEALING SURFACE (D). THE SEALS HAVE BEEN ASSESSED TO HAVE INFINITE LIFE [10) AND ARE NOT TRACKED
BY SEAIALIZATION. LPOTF NOZZLES ARE LIFE LIMITED PER DEVIATION {12). .

1) ROA5604; (23 RS0OPBO2; (3) ROBISTH: (4) RES12TS: (%) RSO07810; 6) RSOU7820; (7) RSS-B579-5; (5] RSOOTR08; (%) RL10001; {10) RLOOS32, CP320R0DOAE; (1) RSS-3570.9.
{12) DAR 2558

FAILLRE CALSE; C: Exresslva oxidizar labyrinth aeal leakage.

THE LAB YRINTH SEAL CLEARANCE (S CONTROLLED BY DRAWING, TO EMSURE MINIMUM LEAKAGE FROM THE HYDRAULIC TURBINE. THE LABYRINTH 1S MACHINED INTO THE RGTCOR
{1} ANC 15 A CONSTANT-DIAMETER SEAL WITH 18 UMFORM ROWS OF FORWARD SWEPT TEETH, THE ROTOR 15 MAMUEACTURED UTILIZING K-MONEL FORGINGS, WHICH YAR
SELECTEDFCR ITS CORROSION RESISTANCE CHARACTERISTICE, DUCTILITY, AND TOUGHNESS FROPERTIER AT CRYDGENIC TEMPERATURES (2), THE REDUNDANT ROW DES|EN
AFFURDS SCME DEGRADATION TO THE LABYRINTH WHILE STILL RETAINMG THE MAJORITY OF ITS SEALING FUNCTION. THE STATIONARY MATIMG SEAL RING (315
MaNUFACTURED UMILIZING SILVER AND IS PILOTED ON AOTH THE NOEZLE (4} AND DEFLECTOR (5) STRUCTURE FOR RETENTION, REVERSE RING INSTALLATIOIN IS NOT FOSSIALE
DUE TC THE PILOT DESIGN SILVER WAS SELECTED FOR ITS RESISTANCE TO IGNITION. FRICTIONAL WEAR RESISTANCE, THERWAL CONDUGTIVITY, ANL ANTI-GALL MG
CHARACTERISTICS {1]. THE ROTOR AND SEAL RING ARE SOLUTION HEAT TREATED AMEr AGE-HARDENED (1) {3). VENT HOLES DESIGMED |INTD THE SEAL RING STRUCTURE {3)
PREVENT FRESSURE BUILOUP AND DISTORTION OF THE SEAL RING ONTQ THE LABYRIMTH SEAL. CLEANMLINESS REQUIREMENTS AT THE HANDLUNG, ASSEMBLY (6) AND VEHICLE
CPERATIONAL LEVEL 17) PRECLUDES CONTAMINATICON INDUCED RLUBBING OF THE SEAL EIEMENTS, ROTOR ASSEMBLIES MAKUFACTURED BY CONTURA WHICH MAY CONTAIM
WORSE CASE (ZERQ RADILS) ISCREPANCIES ARE LIFE LMITED PER MAJOR WANER (4),

(1) RSOOTEDS; (2) RES-E578-5; (3) RSOOTE16; (4) RSO0TAIN; (53 FOFI574; (6) RL10001; (7) 'OD 13WH5000; (&) DAR 2160
FAILURE CAUSE: ALL GAUSES

IMCOMEL ¥-780, INCOMEL 718, K-MOMEL, AND SILVER SATISFY LOX COMPATIBILITY REQUIREMENTS {1), THE HIGH CYCLE AND LOW CYSLE FATIGUE LIFE FOR THE SORWVIARD AHD
AFT SEAL, ROTOR, AND SEAL RING MEET CE| REQUIREMENTS (2). THE MINIMIURA FACTORS OF SAFETY FUR THESE PARTS MEET CEl REOUIREMENTS {3). THE HARDWARE PARENT
MATERIALS WERE CLEARED FOR FRACTURE MECHANIZENDE FLAW GROWTH SINCE THEY COMTAIN HO FRACTURE CRITICAL PARTS EXCEFT FOR THE LPOTP HOUSING WHICH
WAS CLEARED BY RISK ASSESSMENT {4). THE FMEA/CIL WELDS ARE CLEARED FOR FRACTURE MECHAMICSMDE FLAW CROWTH BY THE WELD ASSESSWENT (5. TABLE Bodd
USTS ALL FMEA/CIL WELDS AND IDENTIFIES THOSE WELDS IN WHICH THE CRITICAL INITIAL FLANY SIZE 15 NOT DETECTABLE AND THOSE WELDS IN ¥yHICH THE ROOT SIDE 1S NOT
ACCESSIBLE FOR INSPECTION. THOSE WELDS IN WHICH THE CRITICAL INITIAL FLAW BI1ZE IS NOT RETECTABLE ARE ACCERTABLE FOR FLIGHT BY RISK ASSESSMENT (E). THE
CONTROLLER SOFTWARE i3 CONFIGURED TG DETECT AND REEPOND TO THE FAILURES IDENTIFIED AND COMMAND A SAFE ENGIMNE STATE (8. REUSE OF PARTS DURMG
OVERHAUL ARE CONTRGLLED BY THE RECQUIREMENTS OF THE CWERHALIL SPECIFICATICN (7).

(1) RES-8579-9; (2) AL00532, CFIZ0R00038; (3) RSS-8546-1G, CPAZ0AD0IE; (4) NHASA TASK 117; (5) RES-876E; (6] CP405R0008, 3.2.3:5.2; (7) RLO1210

sl il i
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Component Giro o Qxldizar Turbopumpa Proparad: G. Akesamis
1L Then: BA00.41 . Approved: T. Nguyen
Gomponant: Low Preasure Cxidizer Twrbopuimp Approvpl Dale: BT
Part Humbor: REa07A01 Change #: b
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Pege: 1l 2
Fallure Cauzes SIgnI_ﬁ eart Characledatos tnspactiania) / Tashs) Dacument Releranca

MATERMIAL INTEGRITY 15 VERIFIED PER DRAVWING AND SPECIFICATION REDUIREMENTS.

SEALS ARE PEMRETRANT INSPECTED PRIOR TC PLATING PER SPECIFICATION REQUIREMENTS,
HEAT TREAT IS VERIFIED PER SPECIFICATION ANC DRAMWING RECAIREMENTS.
HOUSING ARCDIZING |5 VERIFIED PER DRAWING AND SPECIFICATION REQUIREMENTS,

SILVER PLATING S VERIFIED PER SPECIFICATION ARD DRAWING REQUIREMENTE.

TEFLION COATING IS VERIFIED PER SPECFICATION REQLARERMENTS,

SEALING SURFACES ARE INSPECTED PER DRAWING RE QUREMENTS.

HOZZLE AND HOUSING PROTING DIAMETERS ARE INSPECTED PER DRAWING REQLUIREMENTS,

RO35524
RES1275
RE007802

RES127%

REM 0153
RB{H 088
RAM 0051

AAD115-115

RADS11-020
RES127S
RO35534

RSa7B02
RA 1G53

RA1EDS001
HES127S

RAED8-001

HES127S
RO23514
RS0 02
RFOCM-02Y

A30OTEI0
RSDOTECZ
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Fallure Cruzen

Signifticant Cheracteriatica

Inspeciionis) ! Tesla}

| ALL GAUSES

Fafure Hislony:

MATERIAL INTEGRITY
1

HEAT TREAT

WELD INTEGRITY

SEALING RING
MATERLAL INTEGRITY

ASSEMBLY INTEGRITY

Dacimenl Rataren ce

ROTOR IS PENETRANT INSPECTEDR FER SPECIFICATION RECQUIREMENTS.
ROTOR I5 ULTRASONIC IWSPECTED AFTER YWELIMNG PER SPECIFIGATION REQUIREMENTS.
HEAT TREAT IS VERIFIED PER SPECIFICATION REQUIREMENTS,

ALL WELDS ARE INSFECTED TO DRAVYIMG AND SPECIFICATION REQUIREMENTS PER WELD CLASS.

INSPECTIONS IMCLUDE: VISUAL, DIMENSIONAL, PEHETRANT, RADIOGRAPHI, ULTRASONIS, AND
FILLER MATERIAL, AS APFLICABLE.

MATERIAL INTEGRITY IS5 VERIFIED FER DRAWING REQUIREMENTS,
SEALING RING 12 PENETRANT INSPECTED PER SPECIFICATION REQUIREMENTS.

SEALING RING SEAL DAAMETER AND RUTOR LABYRINTH SEAL DIAMETER ARE NSPECTED FER
DRAVANG RECHAREMENTS,

LFOTF
ASSEMBLY INTEGRITY

RAG115-115
RAD115-D12
RADST1-020

RL10OM1

RAIQDT-071
RADT158-116
RAOT15-006
RA115-D01
RAD115-127

RSO0 216

RAD115-11G
RE0OPE1E

THE PUMP SUBASSEMBUES ARE INSPECTED DURIHG DWERHAUL PER SPECIFICATION
REQUIREMENTS. INSFECTIONS INCLUDE: VISUAL, DIMEMSIONAL, FENETRANMT, AND
REFLACEMENT OF USAGE ITEMS AS APPLICABLE, FER OVERHALUL SPECIFICSTICHN,

OPERATIONFPERFORMANCE |15 YERIFIED BY EMNGINE HOT FIRE TESTIMNG AND 2NDE & M TESTS QN
INSFECTIONS,

TORGUE CHECKS ARE PERFORMED PRICR TO EACH FLIGHT,

UATA FROM PREVIOUS FLIGHT OR HOT FIRE 15 REVIEWED FOR FROPER TURBOPUMP
OPERATICHPERFORMANCE. (LAST TEST)

RB0OTEM

FAQ115-118
RLO 218

RLODOST-04
RLODD5S 06
PLAODSS-07
RLOO4E

OMRID W4 1BS0.030
MEFC PLM 1226

Compretnshe failure histony data |5 maintained in the F;rl:blan Reparting database {PRAMSPRACA)

Peierence: NASA letter SA21/88308 and Rockatdyna fellar ABRC OGS

Dperational Usa:

Mol Appllcable.
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' Faosl  Flaw Size Mol
Side Mol  Delectsble
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FIELD CONFIGURATION VARIANCES FROM CIL RATIONALE

Coomn panen? Group: Oxbdizer T .
[tem ?'Iame: i Low FressL:lTrtl;ug:Ir:ri}II;:r Turbopump ::;:l:ad:;: $ ::..:::Ts
e e el
Directiva #: CCBD MEJ.11-5214
Page: 1af 3
Baza Lina Rallohak Variance . Chanys Retienale Vatanl Dash Mumber
1. BA0Q-06, BEM]-0B EEARINGS BEARINGS ARE PROCESSED AND  LONG IERM FATIGUE LIFE OF AFARINGS 12 EXTEMDED BY BEDUCIMG THE 014, 121, 631, -

ARE PROCESSED AND
INSPECTED PER SPECIFICATION
RECQUIREMENTS (RLODIG). (ECP
00m)

2. BROG-D - GAUSE C ¢ BBOD-03
CAUZEE

THE SUPPORT IS PILOTED RY
THE GEFLECTOR. WHICH IN
TURM 1S FILOTED BY THE

M ZLE.

3 BBGD-04 CALISE A

THE IMDLKCER S REDESIGMNED
FORIEE WAITH THE LARGE
THROAT MCC, THE NEW
CESIGN DEMONETRATED
INCHEASEL FUMP CAPABILITIES
AT HIGHER FLOW!SPEED WITH
ACCEPTABLE INCREASE IM HEA(
OUTPUT.

INSFECTED PER SPECIFICATION
REQUIRENMENTS [RLOOSES).

THE SEAL IS PILOTED BY THE
EUPPORT _
THE SUFPORT |3 PILOTED BY
THE HOZ2L.E.

THE INDUCER 15 DESIGMED FOR
PHASE I BLOCK | OPERATIMG
COROITIONS

4. BBOI-06 -CAUSED, H

THE BERRING OLITER RACE 15
SECURED BY & TWO FIECE
BEARING JUFPFORT. THE
SUPPORT FEATURES A STHFF
INTEGRAL THRUET SHULDER
DCSIGHED TG REACT TO
BEARING THRUST LOADS.

S, RANO-0F - CAUSE R ¢ RAM.DB -

CALUSE |

BALLS ARE MACE FROM SILICON
HITRIDE. WHICH WILL ELIMINATE
WIEAR.

THE ATER RACE NUT SECURES
THE FUMP END BEARING OUTER
RACE T THE SUFFCRT.
PRELOAD SUPPLIED BY THE
OUTER RACE NUT REDUCES
POTENTIAL FOR FRETTING QR

GALL MG

THE BALLS AMD RAGES OF THE
BEARIMGE ARE NANUFACTHRED
LUTILIZING 4402 CRES

ALLOWABLE SIZE AKD QUANTITY OF ALLOWWABLE DEFECTS.

USE A% 1S RATIOMALE:

1. THE HiGH CYCLE AND LOW CYCLE FATIGUE LIFE CIF BEARINGS
PROCESSED PER RLO0SSA MECT £E| REQUIREMENTS,

2. THE MIMILILIM FACTORS OF SAFETY FOR BEARIMGS PROCESSED PER
RLOAS58 MEET CEI REQUIRENMEMNTS (R55-1546-15).

07, OBY 091, 104, -
111, 1412151, 161, -
181

THE PHASE M SILVER SEAL IS DESIGNED TO &E FILCTED BY THE OME FIEGE
BEARING SUPPORT.

THE PHASE [l PESIGN ADEGUATELY CONTROLS THE STACIK.UP OF THE
STATIONARY HARDWARE TO PREVENT MOTICN BETWEEN MATING FARTS,

THE PHIASE I IMDIMCER WAS CESIGNED FOR QFERATION WATH THE
STANMDARD THROAT ENGIME.

THE PHASE 1 DESIGN USING A HUT TO RETAIN THE QUTER RACE PROVWIDES
ADEQUATE CLAMPING AMND AL IGHRIENT

THE 4400 BALLS |M THE FHASE || DESIGH ARE CONMTROI 1 £ FOR WEAR AND
SrALLING BY OMRS0 AND DAR 7580

REO0TR10.021
R Sa07a01-191,
2N

R3I07A12-005
R5I07A01-20
-149

R300Ta14-015

RE00TE25-207

R EODTHME-003

RSI07am-201
1ot

RS007E31-051, 181
RSOGTEN1-201
191
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Hase Line Rationale Varanes

Changs Rathanala

Warenl Dash Mumber

€ B200.01 - CALUSE ASB, BO0OC.02,
CAUSE A-D, BEM-0B CALSE O
LFOTF NOZI ES ARE LIFE
LIMITED FER DEVIATION DAR
2956

7. BHO0O-IN - CASE M

THE SHIM AMD SFREG ARE
MANUFACTURED UTILIZING
IHCOLOY 803, WHICH Was
SELECTED FOR CRYOGENIC
MECHANICAL PROFERTIES,

LFOTP WOZZLES ARE LIFE
LIMITED PER DEVIATION D4R
<142

BEM0A - CALISE K

THE SHIMS \WERE
MANUFACTURED UTILLANG
HICHEL 200,

BROD-0O - CAUSE D

THE PUMP END BEARING CUTER
RACE 15 PILOTED BY THE
SFPORT ANMD 15 RETAINED,
ALONHG WITH A SHIM, BY THE
OUTER RACE MUT.

THE FULHE EHND REARING DUTER
RACE 1§ PILDTED BY THE
SUPPORT AHND 1S RETAIMED,
TIGHT AGANGT THE SUPPORT
SHOULBER ALONG WITH SHIMS
AND SPRING, 4WD 15 SECURED
IN PLACE BY THE DEFLECTOR.

8. Baco.-0% THROUSH BROG-02
THE PUMF SUBASSEMBLIES ARE
INSPECTED DURING OVERHALIL
PER SPECIFICATION
REQLIREMEMTS RLO1213

THE PUMFP 5UJBASZEMEBLIES ARE
INSPECTED DURING OVERHALIL
PER SPECIFICATION
REQUIREMENTS RLODATS

PHASE Il LPOTP NOZ2ZLES ARE LIFE LIMITED PER DEVIATION DAR 2742

THE FHASE Il DESIGM SHiki MATER AL, MICKEL 200, PROVIDES ADEDUATE
FROPERTIES FOR TS FLUMNCTION.

THE PHASE H DESIGN LGING A MUT TO RETAIN THE GUTER RACE PROMIDES
ADEQUATE CLAMPING AND ALIGNMEMT.

THE RLOOATIWAS SEPECIFICALLY WRITTEN FOR THE PHASE 1 DESKZH

4. BBgU-02 THROUGH BET0-Da
AND BEM-06 THROUWGH BEX] -0
ASSEMELY INTEGRITY 15
YERIFIED FER DRAWIMG AND

ASSEMELY INTEGRITY 15
WERIFIED PER DRAWING AND
SPECIFICATION RECUIREMENTS

SPECIFICATION REQUIREMENTS  RLOODAE.

RLO1323

10. BEOO-34 FAILLURE CAUSE A -

AND B HET ROSITIVE SUCTION

HET POSITIVE SLUCTION PRESSURE REQUIREMENTS
PRESSURE REQUIREMENTS WERE SATISFIED OVER THE
WERE SATISFIED OVER THE ENTIRE OPERATING RANGE BY

DESIGN VERIFICATION TESTING
CvE-5EME-401B :

ENTIRE QPERATING RAMGE BY
DESIGN VERIFICATION TESTING
YRS 0553

THE RLOGAGDE WitAS SPECIFICALLY WRITTEN FOR THE PHASE || DESIGN

THE DVE SEME 4018 WAS SPECTFICALLY WRITTEM FOR THE FHASE 1l CESIGH

R E0OTa1n02

RIJ07a17
ASA07A01-201
-1

REI0TA0T-191,-2G1

R5a0Fea1-191,-201

RS3073a1-191 201
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Lamrponanl Grovp: Qxidizer Turbopumps Freparod: C_Ahagamin

lterm Marme: Low Frasaure Oxidlzer Turbopump A N
ltem Homhbar: BADO A:E::::::Iﬁate ;ﬁrfg;ﬂm
Parl Number; RSODTEOT . Change é: ) 1
Diractiva A: CCHD ME3- 1 -B214
Page: 3of 3
Base Ling Rallonake Varlance Ghange Ratonale Yarlanl Crash Mumber
11, BEQOH - CALUSE G .
WENT HOLES DESIGNED INTO WENT HOLES DESKGNED INTG PH4SE Il DESIGM ADEQUATELY PREVENTS PRESSURE BUILD UP RSO07816-009
THE SEAL RING STRUCTLURE ~ THE SUPPDRART STRUCTURE RS007AM-201
PREVENT FRESSURE BUILDUP ~ PREVENT PRESSLIRE BLILDUP ! 101
AND DISTORTIGM OF THE SEAL AND DISTORTION OF THE SEAL
RIMG OWTO TIE LABYRINTH RIMNG QNTO THE LABYRINTH

GEAL, SEAL.




